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® tniproyed fiber optic bacEtlightlng tpanet and dot process for making same. 



@ An improved fiber optic backlighting panel pro- 
vides increased background illunnination relative, to 
the amount of light transmitted- therethrough, in de- 
vices such as rubber keypads (46), membrane 
switches, liquid crystal dispiays, rigid panels or the 
like. The fiber optic panel cdrriprises a light^ source 
(38) and a layei' of optical fib'ers (24) arfahged adja- 
cent each other which transmit the light beamed 
therein to different locations throughout the device, 
to provide increased and uniform intensity of light at 



specific loc^oris or unifprnqly distributed light 
throughput the ^^dgyice. TTie optic .fibers (24) are 
selectively terminated at the different locations (50, 
54) by formipg holes through the layer, oj optical 
fibers with a laser, according to a predetermined 
geometric pattern of dot locations stored in a com- 
puter memory. In one specific embodjment for ap- 
plication in liquid crystal displays, a layer of foam is 
used to diffuse and scatter light to provide uniform 
illumination. 
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FIELD OF THE INVENTION 

The present invention relates generally to the 
field of providing backlighting in devices such as 
rubber keypads, membran. switches, liquid crystal 
displays, rigid panels or the like. More specifically, 
the present invention relates to an improved fiber 
optic backlighting panel for providing increased and 
unifornn background illumination and a dot process 
for making the same, by forming holes and selec- 
tively terminating the optical fibers with a laser 
according to a geometric pattern of dot locations 
stored in a computer memory. 

BACKGROUND OF THE INVENTION 

Background illumination, otherwise referred to 
as backlighting, is commonly used in information 
display units, rubber keypads, membrane switches, 
liquid crystal displays, rigid panels and the like, to 
make them more discernible and to enhance their 
visibility. Some existing techniques utilize fiber op- 
tics for this purpose. 

Typically, such prior backlighting devices uti- 
lize a plurality of optical conductors, each having a 
core surrounded by cladding, which are placed in 
intimate proximity above an optically reflecting sur- 
face. Light is beamed into the optical conductors at 
one end using a simple light source, such as a 
tamp. The light beamed in is propagated in the 
core of the optical conductor by means of partial 
internal refraction. 

In accordance with one prior technique, at a 
desired location on a portion of the optical conduc- 
tors positioned behind the panel to be illuminated, 
suitable abrasions are formed in the surface, typi- 
cally by using a hot stamping machine. The stamp- 
ing machine forms the abrasions by pressing 
against the cladding of the optical conductors at 
the desired locations, in a random manner. As the 
light passes down the optical conductors, a portion 
of the light exits through each of abrasions in the 
surface and illuminates the locations directly above 
that region. Typically, the remaining light continues 
its travel along the optical conductors and termi- 
nates at a location remote from the abrasions, thus 
creating inefficient illumination in the abraded area. 

U.S. Patent No. 4,845.596 to Moussie discloses 
one such technique whereby the outer cladding of 
the optical conductor is removed locally and a 
portion of the light beamed through the optical 
conductors escapes therefrom at those points. This 
emerging light reflects off the reflective backing 
and illuminates the surface above. 

In such prior devices, the light which exits 
through the abrasions in the surface provides back- 
ground illumination of relatively low efficiency rela- 
tive to the amount of light beamed in. Also, the 



intensity of light along the fiber optic cable gradu- 
ally diminishes as light Is refracted through the 
abrasions along the fiber optic cable. Moreover, 
some light continues to the end. Thus, although 

5 such prior devices are known to serve their pur- 
pose, they have not proven to be satisfactory. 

In accordance with yet another technique, op- 
tical conductors are held together by a thread 
which Is tightly woven around the optical conduc- 

10 tors, thereby creating corrugations, the angled 
sides of which exceed the acceptance angle or 
numerical aperture of the cladding and allow some 
of the light beamed through to escape. The amount 
of light which escapes can be limited by controlling 

75 the tightness of the weave. In applications not 
requiring diffusion, in addition to providing relatively 
low intensity of light, such optical conductors are 
difficult to use behind key pads due to their thick- 
ness. 

20 Most of the prior techniques involve manually 

placing staggered layers of optical conductors 
which has proved to be laborious, inefficient and 
economically unfeasible. 

A need thus exists for an improved fiber optic 

25 backlighting panel and technique for making fiber 
optic panels for providing increased intensity of 
light at specific locations and uniformly distributed 
illumination throughout the device relative to the 
amount of light beamed in. 

30 

SUMMARY OF THE INVENTION 

The present invention is directed to an im- 
proved fiber optic backlighting panel for providing 

35 increased intensity of background illumination at 
specific locations and uniformly distributed illumi- 
nation in devices such as rubber keypads, mem- 
brane switches, liquid crystal displays, rigid panels 
or the like, and a novel technique for making the 

40 same. 

In the preferred embodiment of the invention, 
the fiber optic panel comprises a light source, and 
a layer of optical fibers arranged adjacent each 
other which transmit the light from the source to a 

45 plurality of different locations throughout the de- 
vice, to provide uniform intensity of light at specific 
locations or to uniformly distribute light throughout 
the device. 

Each of the optical fibers is selectively termi- 
50 nated at a different location by forming only one 
hole substantially through the optical fibers with a 
laser beam from a laser engraver according to a 
predetermined geometric pattern of dot locations 
stored in a computer memory. The laser beam is 
55 directed or positioned by a CAD (computer aided 
design) program. The CAD program maps the pre- 
determined geometric pattern of dot locations at 
which the holes are desired. The light beamed into 
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the layer of optical fibers is selectively terminated 
at each of the dot locations. To provide uniform 
Illumination throughout a device, the predetermined 
geometric dot pattern is configured such that the 
dot locations at which the laser forms the holes are 
evenly spaced ^throughout the device. 

in still ariotner aspect or ine inveruipn, lur ^p^- 
cific. application in liquid crystal displays, the light 
is transmitted through a layer pf foam to provide 
uniform illumination by diffusingithe light. 

These as w,ell as other steps of the preferred 
technique will become apparent from the .detailed 
description which follows, considered together with 
the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the present inven- 
tion is shown in the following drawings, In which 
like reference numerals indicate like parts and In 
which: 

Figure 1 is a perspective view of a winding 
drum, showing the manner in which a. single 
optical fiber Is wrapped around the vyinding 
drum in consecutive uturns to form a Jayer. of 
optical fibers arranged *proximate^eaeh other and 
strips of reflective material are positioned on the 
winding drum by upright pegs; 
Figure 2 is a plan view of a backlighting .panel, 
showing ithe nriannerdnr which* the Jayer of optical 
flbjerSfarQund-the winding drum is severed; 
Figure 3 is a cross sectional view taken along 
line 3-3 showing the various layers comprising 
the backlighting panel (the layers shown in Fig- 
ure 3 have equal dimensions for purposes of 
illustration only and do not represent the actual 
dimensions); 

Figure 4 is a schematic representation of the 
backlighting panel, a laser engraver and a com- 
puter system, showing the manner in which the 
laser engraver forms holes according to a pre- 
determined geometric pattern of dot locations to 
provide increased and uniform illumination; 
Figure 5 is an -exploded view of a portion of the 
backlighting panel shown in Figure 4, showing 
the holes formed by the laser engraver; 
Figure 6 Is a schematic representation of a cut 
away portion of the backlighting panel showing 
an exemplary geometric pattern of dot locations; 
Figure 6a is a schen:)atic . representation of a cut 
away portion of the- backlighting panel, showing 
the manner in which the ends of the optical 
fibers are completely severed to ensure com- 
plete termination of light; 
Rgure 7 is an exploded perspective view of the 
fiber optic backlighting panel of the present in- 
vention for application in a keyboard; 
Figure 8 is an exploded plan view of the fiber 



optic backlighting panel of the present invention 
shown in Figure 7; 

Figure 9 Is a schematic representation of the 
various layers in the backlighting panel including 
5 a layer of foam for specific applicatidn In a LCD; 
and 

riJilfiJiO lu Id a ouiicriiaii^ lopioovntuuv/n w uiw 

layers in the backlighting panel for specific ap- 
plication in a LCD showing two layers of optical 
10 fibers. 

DETtAILED DESCRiPTION QF THE PREFERRED 
EMBOQIMENfT 

75 Figures 1 and 2 show generailly the technique 
for making an improved fiber optic backlighting 
panel 1€ (shown in Figure 4) in accordance with 
the present Invention. The improved fiber optic 
backlighting panel 10 coiisti-ucted in accordance 

20 with' the novel technique provides uniform and In- 
creased background illumination in devices such as 
rubber keypads, membrane switches, liquid crysital 
displays, rigid panels or the like. For illustrative 
purpoises the 4flber optic backlighting i^^p 10, as 

25 shown in Figures 7 and 8, is used ifor providing 
backlighting- m a"3keyboard 11;^ which is purely 
exemplary of the- diverse applications for which the 
improved backlighting panel 10 can be used. The 
backlighting ^panel lO.^when.manufactured'^in accdr- 

30 dance with4he technique of thevipresent ihventiiDn, 
advantageously prdvldes' increased bfighthiBss arid 
intensity at specific locations in the device and an 
even distribution of background illumination 
throughout the device in order to enhance pdrcep- 

35 tibility. In contrast to prior techniques, the tech- 
nique of the present invention provides efficient 
background illumination relative to the amount of 
light beamed in. 

Refemng to Figures 1, 2 and 3. a single optical 

40 fiber 24 from a spool (not shown) is wrapped 
around a winding drum 14 or the like, which is 
cylindrical in shape, in consecutive turns to form a 
layer of optical fibers 24, arranged in intimate prox-' 
imity or adjacentr,each other. The optical fiber 24 

45 may be of any commercially availiabte type. For 
example, the optical fiber 24 has a diameter of 
preferably 10 rriils (thousands of an inch). To pre- 
vent the consecutive turns of the optical fiber 24 
from overlapping, the optical fiber 24 is guided 

50 from the spool to the winding drum 14 by a posi- 
tioning eyelet 28; The positioning eyelet 28 is pref- 
erably a neiedle^like device, having a central orifice 
28a for receiving the optical fiber 24. In a preferred 
embodiment, the central orifice has a diameter 

55 greater than the diameter of the optical fiber, pref- 
erably 11 mils. The position of the eyelet 28 is 
controlled by a linear motor (not shown) which in 
turn is controlled by a computer system 29 (shown 
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In Figure 4). After the optical fiber 24 is wound 
around the winding drum 14, any overlapping of 
the optical fibers 24 can be adjusted manually. 
Alternatively, the winding of the optical fiber 24 
itself can be controlled manually or in accordance 
with any other technique known for wrapping wire 
around a spool. 

Strips of a suitable reflective backing 15. such 
as mylar or the like, are placed at spaced intervals, 
indicated at 13, around the winding drum 14. The 
strips of reflective backing 15 can be of any suit- 
able width desired by those skilled in the art. The 
winding drum 14 has a plurality of upright pegs or 
other such protruding means, indicated at 16. dis- 
posed at evenly spaced locations about its periph- 
eral ends 18. The pegs 16 project along an axis 
perpendicular to the axis along which the optical 
fibers 24 extend. The strips of reflective backing 15 
have registration holes 20 (best shown in Figure 2) 
formed at their ends 21. The registration holes 20 
are punched preferably at the time of manufactur- 
ing or before the strips of reflective backing 15 are 
placed around the drum 14. The strips of reflective 
backing 15 are held firmly in position by securing 
the registration holes 20 over the pegs 16. 

Referring to Figure 3, the reflective backing 15 
is adhered onto the layer of optical fibers 24 by a 
layer of adhesive 22 applied on a surface of the 
reflective backing facing the optical fibers 24. The 
adhesive 22 is preferably a suitable conventional 
adhesive. The reflective backing 15 can also op- 
tionally have a layer of adhesive 23 on its back 
surface to facilitate mounting the backlighting panel 
10 to a surface, such as a circuit board. A release 
paper 23a placed over the layer of adhesive 23 to 
the reflective backing 15 advantageously protects 
the adhesive 23. Thus, prior to mounting the bac- 
klighting panel 1 0 onto a surface, the release paper 
23a is simply peeled away. 

Each of the strips of reflective backing 15 Is 
subsequently removed from its respective pegs 16. 
by severing the layer of optical fibers 24 in the 
spaces 13 extending between two strips of reflec- 
tive backing 15. For example, the layer of optical 
fibers 24 can be severed along the broken line A-A. 
The reflective backing 15 now has free ends 27 of 
the layer of optical fibers 24 extending therefrom. 
Alternatively, the layer of optical fibers 24 can be 
cut at one end and the entire arrangement re- 
moved from the winding drum 14 before each of 
the strips of reflective backing are individually sep- 
arated. The strips of reflective backing 15 can be 
cut vertically or horizontally as desired to create 
panels of any size. 

Referring now to Figure 4, the layer of optical 
fibers 24 are selectively terminated at a plurality of 
different locations on the upper surface of the re- 
flective backing 15 (more clearly shown in Figure 



5). A plurality of holes or apertures 30 are formed 
by a laser engraver 32 which can be of any con- 
ventional type, such as a carbon dioxide laser 
(power of 20 watts), used for engraving wood or 
5 plastic. The laser engraver 32 forms the holes 30 
by directing a laser beam, indicated at 32a. over 
the layer of optical fibers 24. In order to ensure that 
the holes 30 are accurately positioned, the registra- 
tion holes 20 are suitably anchored such that they 

10 keep the strip of reflective backing 15 firmly in 
position and prevent it from being misaligned. 

The laser beam 32a is directed by a CAD 
(computer aided design) program. The CAD pro- 
gram causes the laser beam 32a to form holes 30 

75 according to a predetermined geometric pattern of 
dot locations. The predetermined geometric pattern 
of dot locations at which the holes 30 are desired is 
defined or mapped and subsequently stored in a 
computer memory (shown as part of the computer 

20 29). The CAD program is executed by the com- 
puter 29, of any conventional type, which controls 
the laser engraver 32a. The predetermined geo- 
metric pattern defines the dot locations and the 
laser engraver 32 forms the holes 30 at corre- 

25 spending locations on the reflective backing 15. 

As shown in Figure 4, the holes 30 are formed 
along parallel axes which extend along the width of 
the backlighting panel 10. As shown in Figure 5. 
the holes 30 are slightly conical In configuration. 

30 The diameter of the laser beam 32a is preferably a 
fraction less than the diameter of the optical fiber 
24. For example, if the diameter of the optical fiber 
24 is 10 mils, the diameter of the laser beam 32a is 
preferable 9 mils. The laser beam 32a penetrates a 

35 top portion of the optical fiber 24 and travels 
through to a bottom. The diameter of the hole 30 at 
the bottom is less than the diameter of the hole 30 
at the top portion. The diameter at the top is 
greater as a result of melting at the top portion as 

40 the laser beam 32a penetrates through to the bot- 
tom. For example, the diameter at the top Is 9 mils 
and the diameter at the bottom is 10 mils. This 
melting accounts for the laser hole 30, If aligned in 
the center, to cut entirely through the optical fiber 

45 24, even though the laser beam 32a has a diameter 
less than the diameter of the optical fiber 24. 

The holes 30 enable light passing through each 
of the optical fibers 24 to exit and focus substan- 
tially all its intensity at a point on the surface 

50 directly above. Forming the holes 30 In accordance 
with the predetermined geometric pattern ensures 
that no single optical fiber 24 is pierced by the 
laser beam 32a more than once and that maximum 
uniformity is achieved. C>f course, in some in- 

55 stances the holes 30 may well be misaligned due 
to inaccuracies in the process. The hole locations 
30 can be concentrated in specific areas, for exam- 
ple, below nomenclature or keypad positions 
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(shown in Figure 7), or alternatively can be evenly 
distributed throughout the backlighting panel 10 
(shown in Figure 6). 

Referring now to Figure 6, If unifornn distribu- 
tion is desired throughout the device, the following 
algorithm can be used to determine the spacing 

S = V(d*A)/x 
where: 

S = spacing between the dots in the X and 
Y directions 

X = djmenslon of the panel in the X direc- 
tion 

d = fiber diameter 

A = panel surface area 
This algorithm in eonjtincfion with the diameter of 
the laser beam 32a ensures that no single optical 
fiber 24 is cut more than once. To make sure that 
no single optical fiber 24 is nicked more than once, 
the holes 30 ofrany particular row are spaced by a 
width z of one fiber and a-^half to the right of holes 
30 in the previous row. Thus, z equals 1.5 x d (fiber 
diameter). 

,As''.shpwn in Figure 6, the laser beam 32a 
forms holes 30 in each of the opticar fibers 24, at 
evenly spaced locations throughput the plane of 
the backlighting panel 10, terminating the optical 
fibers- 20»..9t those locations In order to ensure a 
uniform -distribution of lightifor all the regions of the 
device. Of course, depending upon the dot loca- 
tions, it is not necessary that each and every 
optical fiber 24 in the layer has a hole 30 formed 
therein. 

As shown in Figure 6a, in accordance with one 
embodiment, in order to prevent light from travel- 
ling to ends 39 of the optical fibers 24. the light can 
be terminated at the last rows of dot locations by 
severing the ends with the laser beam 32a, in- 
dicated at 31. Alternatively, forming holes that are 
about 20 mils in diameter will prevent any leakage 
of lig.ht>to the.ends 39 of the optical fibers 24. 

Referring again to Figure 3, once all the holes 
30 have been formed, a sheet of clear plastic 25, 
preferably clear Mylar, is laminated over the layer 
of optical fibers 24. 

Referdngrnow to Figures 7 and 8. the backligh- 
ting panel 1;0 is connected to a light source 38. of 
any eonvehtional type, for emitting light through a 
ferrule 40, known in the art, to be attached to the 
light source 38. Light is beamed through the layer 
of optical fibers 24, comprising a plurality of in- 
dividual optical fibers, to a plurality of different 
locations in a desired area for which background 
illumination is desired. 

The reflective backing 15 with the optical fibers 
24 is attached to a base 42 of the keyboard 11. 
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The backing 15 is preferably configured in shape 
and area to conform to the device for which bac- 
klighting is desired: In this embodiment, the back- 
ing 15 is configured to corifoi'm to a peripheral 
5 edge 44 of the^key board 11. The reflective backing 
1 5 is . preferably i rectangular- in shape and has tsub- 

oioi'iuojiy' iu!Diiuvot'Uiti:ioi;ioiui:i9 09 vii9 tvoytjKfwsjt it. 

The^keyboa/d lil^ctypjcally 'comprises a-plurality 
of keypads/-46;/al|gne^^ best shown in 

10 Figure 8.^ The 'key p42is146^^ar;e al ig ned along ROW 
1. ROW 2, ROW 3 '#d 'ROW 4. In a preferred 
embodiment, each of/^the plurality of keypads 46 is 
illuminated by a'^p!ut:ality of wholes 30 formed in the 
optical^ fibers 24 only below those keypads. A sin- 

75 gle hole 30 is forrned in each individual optical 
fiber 24. and a plurality of optidal fibers 24 accord- 
ing to a predete rmined^g eometf ic pattern are terrni- 
nated below each keypad 46. For example, the 
keypads 46 aligned along -ROW 1, indiciated at 48, 

20 are :flluminated"by holes 30 In the optical fibers 24, 
aligned along ROW 1, indicated at 50, Other optical 
fibei^s 24Nare alspiterminated^belowlhe keypads 48 
in ROWM. In a sirtiilar'<fashidn; the keypads 46 
aligned iaidhgiR0Wi2j*?indi£^^^ illunhi- 

25 natied rby. holes in 'OptiJ^lal^^fib^^ also aligned 
along::B0W^2; indi6at>"d?tat*^54. -The holes -30 are 
evenly spaced in bdth^^'the X and Y directions, 
separated by '^the^dlaimeter of one fiber for each 
row. For example^ if < the backlights 10 is 

30 square in configuration, having a width and> length 
of 2fincHes, affdr^he opticaKfiDeTs^'24*'are»^^^^^^^ 
the holes 30 areiseparatedvby *40' thousandths of an 
Inch both in the X and Y directions. Thus, each of 
the optical fibers 24* advantageously has* a hole 30 

35 formed therein by the 'laser bisam 32a, which termi- 
nates each respective optical fiber 24 directly be- 
low each of the respective keypads 48 in a geo- 
metric pdtlerh. 

To make sure that no single optical fiber 24 is 

40 nicked more than once, the holes 30 of any par- 
ticular row are spaced by a width z (shown in 
Rguro' 6) of one fiber and a half to the right of 
holes 30 in the previous row. Thus, z equals 1.5 x 
d (fiber diameter). 

45 In applications such as home security systems 
it is sometimes desirable to prevent glare and 
provide Illumination of low intensity. In such cases, 
the light source 38 can be of low power and 
efficient output of^Hight^with respect to the amount 

50 beamed in is achieved 'by providing a higher den- 
sity of holes 30 at the end farthest away 'from the 
light source 38. As shown in Figure 5, the holes 30 
are evenly spaced only in the Y direction and are 
unevenly spaced in the X direction. For example, in 

55 an exemplary backlighting panel (as shown in Fig- 
ure 7) having a width and length of 2 inches and 
optical fibers 10 mils in diameter, the optical fibers 
24 aligned along ROWs 3 and 4 can be separated 
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by 20 thousandths of an inch, those aligned along 
ROW 2 can be separated by 40 thousandths of an 
inch and those aligned along ROW 1 can be sepa- 
rated by 100 thousandths of an inch. 

The fiber optic backlighting panel has been 
primarily described herein for providing backligh- 
ting in a keypad. However, the invention may also 
be used to provide backlighting in membrane 
switches, liquid crystal displays (LCDs), rigid pan- 
els, vehicle panels and other devices which will be 
obvious to those skilled in the art. 

Referring now to Figures 9 and 10. in a specific 
application, the backlighting panel 10 is used to 
provide unifonmly distributed background illumina- 
tion in a LCD. As shown in Figure 9, over the 
reflective backing 15, the layer of optical fibers 24 
and the clear plastic 25, an adhesive layer 58 is 
applied. A layer of foam 60, preferably polyethyl- 
ene or the like, is securely disposed over the 
adhesive layer 58, which is again covered with 
another sheet of clear plastic 62. preferably f^ylar. 
The sheet of plastic 62 can be wrapped around all 
the other layers, thereby holding them all intact. 

The bubble-like formations in the foam 60 scat- 
ter the light, causing it to diffuse so as to provide 
uniform illumination or glow throughout the device. 
The foam 60 is preferably white in color and trans- 
lucent. The density of the bubbles is preferably .35 
gm/cubic inch and it is approximately 25 to 30% 
transmtssive. 

As shown in Figure 10, two or more different 
layers of optical fibers 24 can also be used. Over 
the reflective backing 15 and layer of optical fibers 
24, a layer of adhesive 63 is applied. A second 
layer of optical fibers 24a arranged in intimate 
proximity to each other, in accordance with the 
technique described previously, is placed over the 
layer of adhesive 63. A clear sheet of plastic, 
preferably Mylar is laminated over the layer of 
optical fibers 24a. The layer of adhesive 58 is 
applied over the clear plastic 25. The diffuser foam 
60 is disposed over the layer of adhesive 58 and 
the sheet of clear plastic 62, preferably Mylar, is 
again laminated over the diffuser foam 60. 

Although the Invention has been described in 
terms of a preferred embodiment thereof, other 
embodiments that are apparent to those of ordinary 
skill in the art are also within the scope of the 
invention. Accordingly, the scope of the invention is 
intended to be defined only by reference to the 
appended claims. 

Claims 

1. A method for making a fiber optic backlighting 
panel to provide uniform and increased back- 
ground illumination of a surface comprising the 
steps of: 



providing at least one layer of optical fi- 
bers, said optical fibers arranged in intimate 
proximity to each other; and 

cutting through selected optical fibers to 
5 form holes therein corresponding to said dot 

locations in a predetermined geometric pattern 
so that each of said optical fibers is cut only 
once. 

10 2, A method for making a fiber optic backlighting 
panel to provide uniform and increased back- 
ground illumination of a surface as defined in 
Claim 1 , comprising the step of: 

providing a reflective backing; and 

'5 adhering said layer of optical conductors 

to said reflective backing. 

3. A method for making a fiber optic backlighting 
panel to provide uniform and increased back- 

20 ground illumination of a surface as defined in 

Claim 1, further comprising the step of: 

defining said predetermined geometric 
pattern of dot locations by using a computer 
aided design program. 

25 

4. A method for making a fiber optic backlighting 
panel to provide uniform and increased back- 
ground illumination of a surface as defined in 
Claim 1, further comprising the step of: 

30 forming holes according to said dot loca- 

tions at specific locations on said layer of 
optical conductors, each hole corresponding to 
a respective one of a plurality of locations on 
said surface to provide uniform intensity of 

35 illumination at each location. 

5. A method for making a fiber optic backlighting 
panel to provide uniform background illumina- 
tion of a surface as defined in Claim 1, further 

40 comprising the step of: 

forming evenly spaced holes according to 
said dot locations evenly spaced on said layer 
of optical conductors, each hole corresponding 
to a respective one of a plurality of locations 

46 on said surface to provide uniform illumination 

of the surface. 

6. A method for making a fiber optic backlighting 
panel to provide background illumination of a 

50 surface as defined in Claim 5, further compris- 

ing the step of: 

defining said evenly spaced dot locations 
in accordance with the equation: 

55 S = V(d*A)/x 

where: 

S = the spacing between the dots in 
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the X and Y directions: 
X = the dimension of the panel In the X 

direction; 
d = the fiber diameter; and 
A = the panel surface area. 

7. A method for makina a fihor nntlr harWinhtinn 
panel to provide background illumination of a 
surface as defined in Claim 5, further compris- 
ing the step of: 

placing a layer of diffusing material over 
said layer of optical fibers to diffuse the light. 

8. A method for making a fiber optic backlighting 
panel to provide uniform background illumina- 
tion of a surface as defined in Claim 1, further 
comprising the step of: 

winding a single optical fiber in consecu- 
tive turns to form said layer of optical fibers; 
and 

arranging said optical fibers adjacent each 
other without any overlapping of said optical 
fibers. 

9. A method for providing uniform and increased 
background illumination of a surface compris- 
ing the steps of: 

providing a layer of optical fibers; 

selectively terminating each optical fiber in 
said layer by forming a hole with a laser beam 
in each of said optical fibers at a predeter- 
mined location corresponding to a predeter- 
mined pattern of dot locations; and 

beaming light from a light source through 
said layer of optical conductors to a plurality of 
different locations on the surface, said holes 
enabling the light conducted by each optical 
conductor to exit therefrom and focus all the 
intensity of said tight directly above at a re- 
spective one of said plurality of locations on 
the surface. 

10. A method for making a fiber optic backlighting 
panel to provide uniform and Increased back- 
ground illumination of a surface comprising the 
steps of: 

providing a winding drum having a plurality 
of pegs disposed about peripheral ends there- 
of; 

wrapping an optical fiber around said wind- 
ing drum in consecutive turns and forming a 
layer of optical fibers; 

positioning strips of reflective material 
upon said winding drum by placing registration 
holes formed therein over said pegs; 

removing said strips of reflective material 
from said pegs; 

cutting said layer of optical fibers between 



said registration holes; and 

aligning each strip with said registration 
holes and directing a laser beam over said 
strip to penetrate through said optical fibers 
5 and form holes according to a predetermined 

geometric pattern of dot locations. 

11. A method for making a fiber optic backlighting 
panel to provide uniform background illumina- 
10 tion of a surface as defined in Claim 10. com- 
prising the step of: 

laminating a sheet of clear plastic over 
said layer of optical fibers. 

75 12. A method for making a fiber optic backlighting 
panel to provide uniform background illumina- 
tion of a surface as defined in Claim 11, 
wherein said laminating step comprises: 

laminating a sheet of Mylar over said layer 

20 of optical fibers. 

13. An improved fiber optic panel for providing 
background illumination of a surface, compris- 
ing: 

25 a layer of optical fibers for transmitting 

light to a plurality of different locations on the 
surface, said optical fibers having^ holes cut 
therethrough by a laser beam according to a 
predetermined geometric pattern of dot loca- 

30 tions, said holes selectively terminating each 
optical fiber directly below a respective one of 
said different locations and no optical fiber 
being cut by the laser more than once. 

35 14. An improved fiber optic panel for providing 
background illumination of a surface as defined 
in Claim 13, wherein said holes selectively 
terminate said optical fibers at evenly spaced 
locations providing uniform illumination 

40 throughout the surface. 

15. An improved fiber optic panel for providing 
background illumination of a surface as defined 
in Claim 14. wherein said evenly spaced loca- 

45 tion are defined by the equation:' 

S = V(d*A)/x 
where: 

50 S = the spacing between the dots in 

the X and Y directions; 
X = the dimension of the panel In the X 

direction; 
d = the fiber diameter; and 
55 A = the panel surface area. 

16. An improved fiber optic panel for providing 
background illumination of a surface as defined 
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in Claim 13. further comprising: 

means for diffusing disposed over said 
holes to diffuse the light to provide uniform 
illumination throughout the surface. 

17. An improved fiber optic panel for providing 
background illumination of a surface as defined 
in Claim 16. wherein said diffusing means is a 
layer of polyethylene foam. 

18- An improved fiber optic panel for providing 
background illumination of a surface as defined 
in Claim 13. wherein said layer of optical fibers 
is adhered to a reflective backing. 
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® An improved fiber optic backlighting panel pro- 
vides increased background illumination relative to 
the amount of light transmitted therethrough. In de- 
vices such as rubber keypads (46), membrane 
switches, liquid crystal displays, rigid panels or the 
like. The fiber optic panel comprises a light source 
(38) and a layer of optical fibers (24) arranged adja- 
cent each other which transmit the light beamed 
therein to different locations throughout the device, 
to provide increased and uniform intensity of light at 



specific locations or uniformly distributed light 
throughout the device. The optical fibers (24) are 
selectively terminated at the different locations (50, 
54) by forming holes through the layer of optical 
fibers with a laser, according to a predetermined 
geometric pattern of dot locations stored in a com- 
puter memory. In one specific embodiment for ap- 
plication in liquid crystai displays, a layer of foam is 
used to diffuse and scatter light to provide unifomn 
illumination. 
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